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H CHrOBbIX PbIB 

© JL B. AHHKHeBa,* E. II. HeuiKo, H. B. HjibMacT 

Hhcthtyt Ohojiothh KapejibCKoro HaynHoro ueHTpa PAH (HB KapHU, PAH) 
yji. nyiiiKHHCKaa, 11, neTpo3aBO£CK, 185910 
* E-mail: anikieva@krc.karelia.ru 
nocTymma 06.01.2016 

H 3 yneHa npocTpaHCTBeHHaa opraHH 3 anna, ce 30 HHbie acneKTbi pacnpeAeJieHHfl hhc- 
neHHOCTH h pa 3 MepHOH CTpyKTypti nonymmnn uecTOAbi Proteocephalus longicollis 
(Zeder, 1800), noAAepacuBaeMon Tpo(J)HHecKHMn cb33^mh cnenHajiH 3 HpoBaHHbix njiaHK- 
TO(J)aroB — panyiiiKH Coregonus albula u xopioiiiKH Osmerus eperlanus OHeaccKoro 03 e- 
pa. BbiflBJieHbi pa 3 JiHHna b pacnpe,aejieHHH hhcjichhocth necTo^bi b nonyjiannH xo 3 aeB, 
pa 3 MepH 0 -B 03 pacTH 0 n CTpyKType n cooTHOineHnn npepenpo/jyKTUBHon h penpo^yKTHB- 
hoh CTa^HH b rocTajibHbix rpynnnpOBKax napa 3 HTa. noKa 3 aHO, hto 4 )opMHpOBaHHe npo- 
cTpaHCTBeHHon cTpyKTypbi P. longicollis onpe^ejiaeTc^ ocoOeHHocTAMH nonyjiflmm pa- 
nyniKH h Kopfomim b Ohokckom 03 epe, ,mr 5 i KOTopbix xapaKTepHo nacTHHHoe nepexpbiBa- 
Hue 3 KOJiornHecKHx hhiii n OTJiHHna b Hcnojib 30 BaHHn nnmeBbix pecypcoB, HTO 
onpeaeJiaeT ^HHaMHKy 3 apa^ceHna nccneAyeMbix pbi 6 . 

Kjuoneebie cnoea : Osmerus eperlanus, Coregonus albula , Proteocephalus longicollis , 
3KOJIO rnfl. 


Pacnpe^eneHHe napa3HTOB b nonynauHH xo3aeB HMeeT arperHpoBaHHbm 
xapamrep, KOTopbift Bbipa^caeTca b tom, hto jihihb e^HHHHHbie oco6h pbi6 3apa- 
^CeHbl 60JIbIHHM KOJIHHeCTBOM Iiapa3HTOB, a OCTajIbHbie HMeiOT HH3KyiO HHTeH- 
CHBHOCTb 3apa)KeHHH, JIh6o CBo6o,ZJHbI OT napa3HTOB. HCKJIIOHeHHH H3 3TOTO 
npaBHJia npaKranecKH HeT. 3to iio3bojihjio Kpo(|)TOHy (Crofton, 1971) noxa- 
3aTb, hto HeraTHBHoe OnHOMHajibHoe pacnpe^ejieHHe (HEP) xoporno MO^ejiH- 
pyeT pacnpe^ejieHHe hhcjichhocth napa3HTOB h aBJiaeTcn xapaxTepHOH nepTOH 
napa3HTH3Ma. 3to nojKHxemie nojiynmio pa3BHTHe bo mhothx pa6oTax, b tom 
HHCJie h b HaniHx HccJie^OBaHHax, ocHOBaHHbix Ha HaGmo^eHHHX 3a npnpo^- 
HbiMH nonyjiHUHHMH napa3HTOB (naBJiOB, Hernxo, 1986; Hernxo h ^p., 2008, 
2009a, 6, 2010). 

Pa3JiHHHbie BH^oBbie h 3KOJiorHHecKHe rpynnHpoBKH xo3neB b cnjiy oco6eH- 
HOCTen nuTaHHH, noBe^eHHH h OnoTonunecKOH npnypoHeHHOCTH onpeAeraioT 
BCTpenaeMOCTb napa3HTOB h ocoOchhocth pacnpe^ejieHHn hx hhcjichhocth. 
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Pa6oTbi no^o6noro nnaHa HeMHoroHHCJieHHbi, a Bonpocbi BHyTpnnonyjiauHOH- 
hoh jn4xj)epenunaunn napaaHTOB h b h3Cthocth rocTajibiion cneijHijiHHHOCTH 
H 3 yneHbi HeaocTaTOHHO (HeuiKO, AHHKHeBa, 1980; Hemico, TojiHUbiHa, 1984; 
OopTyHaTo, 1987; Hemico, 1988; Phhhhho, 1990; Thhchok, 1995; Hanzelova 
et al., 1995, 2015). 

LJecTOAbi KaK napa3HTbi co cjiojkhmm hhkjiom pa3BHTHa hbjuhotch y^ooHon 
MOaeJIbK) HCCJieaOBaHHa 3aKOHOMepHOCTeH (J)OpMHpOBaHHH H yCTOHHHBOCTH 
npocTpaHCTBeHHoft opraHH3aunn nonyjiauHH napa3HTOB. U,ecTo^a Proteo- 
cephalus longicollis — napa3HT mnpoKoro Kpyra xo3aeB. TnnHHHbie xo3ae- 
Ba — cnroBbie — njiaHKTo^arH ceM. Coregonidae (Ope3e, 1965). TKioHeHHbift 
Hhkji P. longicollis npoxo^HT c ynacraeM o^Horo npoMe>KyTOHHoro xo3hh- 
Ha — BecjiOHorax paKoo6pa3Hbix. Ce30HHaa ^HHaMHKa 3apa>KeHHOCTH pbi6 
P. longicollis n 3 yneHa y KpynHOH (j)opMbi panyuiKH, o6nTaiomeH b Majibix bo- 
^oeMax BoxT03epcKo-Bcn^K)pcKOH rpynnbi 03ep (AHHKHeBa h #p., 1983). 
B nocae/iHue ro^bi ycTaHOBjieHO, hto napa3HT BCTpeuaeTca y eBponeHCKOH ko- 
PIOhikh Osmerus eperlanus Linnaeus (Willemse, 1969; AHHKHeBa, 1998). CBe- 
aeHHa o SnoJiorHH h oco6enuocTHx pa3BHTHa P. longicollis b KopioniKe KpaftHe 
orpaHHneHHbi (AHHKHeBa, HeuiKO, 2010). 

IJejibK) nacro>imeii pa6oTbi mbujioci. my'ieime h cpaBHHTejibHbiH aHajiH3 
ce30HHOH ^HiiaMHKH HHCJieHHocTH h arpernpoBaHHocTH pacnpe^ejieiiiia 
uecTO^bi P. longicollis b nonyjiaunax panyuiKH h KopiouiKH, a TaKxce pojin 
HCCJieZtOBaHHbIX BH^OB X03HCB B (J)OpMHpOBaHHH npOCTpaHCTBeHHOH CTpyKTy- 
pbi iioiiy.iMiuin reJibMHHTa. 


MATEPHAJI H METO^HKA 

MaTepnanoM nocnyacHJiH c6opbi hccto^ H3 panymKH h KopiouiKH ceBe- 
po-BocTOHHOH Hacra OHeaccKoro o3epa (Ky3apaimcKoc OHero). Mctojiom He- 
nojiHoro napa siiToaonriecKoro BCKpbiTHa b OKTjiopc 2012 r. 6 bijio HccneflOBa- 
ho 95 3K3. panyniKH h 50 3K3. KopiouiKH, b 2013 r. — b Mae 81 3K3. panyniKH, b 
H ioHe 15 3K3. panyuiKH h 47 3K3. KopiouiKH (10 hiohh h 24 hiohji), b ceHTa6- 
pe — 15 3K3. panyniKH h 15 3K3. KopiouiKH. C6op h o6pa6oTKa napa3HTOJio- 
raHecKoro MaTepuajia npOBO^HJiHCb CTaH^apTHbiMH MeTO/iaMH (BbixoBCKaa- 
riaBJiOBCKaa, 1985). OnpeaenajiH noKa3aTejiH BCTpenaeMocTH P. longicollis: 

3KCTeHCHBHOCTb HHBa3HH (3), HHTeHCHBHOCTb HHB33HH H HHACKC 06 hJIHH 

(HO). B BoapacTHOH cTpyicrype napa3HTa BbiaejiajiH 4 CTamm- njiepopepKOH- 
flbi, He^aBHO nonaBiuHe b pbi6y; MOJio,abie HenojiOB03pejibie oco6h; nojioB03- 
penbie co c<f)opMHpoBaHHbiMH penpoayKTHBHbiMH opraHaMH h nojiOB03pejibie c 
HHuaMH b MaTKe. IlepBbie Aee ctsljwh othochjihcb k npepenpoayKTHBHOH 
rpynnupoBKe napa3HTa, TpeTba h neTBepTaa — penpoayKTHBHOH (b3pocjioh). 
B3pocjibix rejibMHHTOB H3MepajiH nocne hx paccjia6jieHHa b BO^e. 

CTaTHCTHuecKHH aHajiH3 3apaaceHHOCTH h pacnpeAeJieHHa hhcjichhocth na- 
pa3HTOB BbinoJiHHJica c HcnoJib 30 BaHHeM nporpaMMbi PAST.3 (Hammer et al., 
2001) h nporpaMMbi Quantitative Parasitology (Rozsa et al., 2000). CreneHb ar- 
perupoBaHHoeTH uecToa b nonyjiauHH xo3aeB oueHHBajiacb c Hcnojib30BaHHeM 
napaMeTpa k HEP, a TaKxce no othouichhio ancnepCHH D k cpe^Hen hhcjich- 
HOCTH M. 
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PE3YJIbTATbI 


3apaaceHH0CTb panyiuKH b TeneHHe Bcero nepno^a HccjieztoBaHHfl 6buia 
OTHOCHTeJlbHO BbICOKOH. BCTpeHaeMOCTb UeCTOa y KOpiOUIKH HMeJia MaKCH- 
MajibHbie 3HaHeHHH b HaHane hiohh, a oceHbio H3 50 nccjieflOBaHHbix pbi6 6bino 
3apaaceHO TOJibKO 7. Pacnpe^eueHMe hhcjichhocth uecToa b nonyuaunax pa- 
nyniKH h KopioniKH Mo^ejiHpoBajiocb HeraraBH0-6HH0MHajibHbiM pacnpeaene- 
HHeM (HEP). HcKjiioHeHHe cocTaBHjin aaHHbie no 3apaaceHHocTH KopioniKH 
oceHbio, Koma pacnpe^eneHne necToa cornacoBanocb c pacnpe^eneHneM TaM- 
Ma, KOTopoe Taxace othochtch k arperapoBaHHOMy Tnny pacnpefleJieHHH (cm. 
TaOnnny). 

XapaKTep arpernpoBaHHOCTH necToa b pa3Hbix Bn^ax xo3«eB n b pa3Hbie 
ce30Hbi rofla hmcji BbipaaceHHyio ^HHaMHKy. BecHon pacnpe^ejieHHe uecrozt b 
panyniKe ^ocToeepHo oTJiHHanocb ot pacnpe^eaeHHa napa3HTOB b Kopionnce 
(TecT KojiMoropoBa-CMnpHOBa DN = 0.78 npn p < 0.05, ypoBeHb ^ocTOBepHO- 
cth 95 %). CxoflHbiH ran pacnpe^eneHna necTO/i b o6ohx BH^ax xo3aeB otmc- 
neH neTOM (no TecTy KonMoropoBa—CMnpHOBa ^ocTOBcpHbix pa3JiHHnn He 
oOHapyaceHo DN = 0.4 npn p > 0.05, ypoBeHb flocTOBepHocra 95 %). OceHbio 
ace pacnpeflejieHne napa3HTOB b panyunce h KopioniKe BHOBb AocroBepHO pa3- 
jinnajiocb (DN = 0.86 npn p < 0.05, ypoBem. .qocTOBepHOcra 95 %). 

OraomeHne CTaracraHecKnx napaMeTpoB cpeAHeft hhcjichhocth uecTO^ 
(M) h ee AHcnepcHH (D), xapaKTepn3yioiu,Hx arperapoBaHHocTb pacnpeaene- 
HHa napa3HTOB, b pa3Hbix BH^ax xo3aeB Obijio pa3JiHHHbiM (pnc. 1). Bbioop- 

kh uecroa H3 KopioniKH ypaBHeHne perpeccHH mmcjio uu;i D = 2.27 M 1096 npn 


noica3aTean BcrpenacMOCTH Proteocephalus longicollis b pa3Hbix BHflax xcmeB 


Prevalence of Proteocephalus longicollis in different hosts 


X03BHH, ^aTa 
\jHCCJieaOBaHHH 


PjmyiHKa 



Kopiounca 


rioKa3aTeJiH 

28 Maa 

10 HIOHJI 

12 ceHTJi6pji 

10 HIOHJI 

24 HIOHfl 

12 ceHTJiOpji 

Hccjie^OBaHo pti6, 
3K3. 

23 

15 

15 

30 

15 

50 

3apa^ceH0, 3K3. 

13 

13 

11 

28 

9 

7 

3apa^ceHHOCTB ? % 

56.5 

86.7 

73.3 

93.3 

60 

14 

Cpe^HHH HHTeHCHB- 

hoctb 3apa»ce- 
HH5I, 3K3./Ha pbl6y 

(M) 

1.57 

4.93 

3.47 

6.6 

2.4 

0.26 

,ZJ HcnepCHH (D) 

4.62 

35.07 

10.27 

18.11 

5.83 

0.52 

ArperapoBaHHocTb 

D/M 

2.94 

7.11 

2.96 

2.74 

2.43 

2.00 

4hcjio CTeneHefi 
cbo6oam 

3 

6 

5 

10 

4 

_* 

Xh 2 

3.89 

6.99 

8.22 

7.38 

4.98 

— 

OueHKa napaMeTpa 
HEP, k 

0.79 

0.97 

1.24 

3.18 

0.91 

— 


n p h m e h a h h e. * — napaMeTp k He paccHHTbiBajica, pacnpe^eneHHe hhcjichhocth Mo^eJinpoBaiiocb 

TaMlVia 33KOHOM. 
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Pnc. 1. OTHomeHHe Lg ^Hcnepcmi k Lg cpe^Hen hhcjichhocth uecTO^bi Proteocephalus longi- 
collis , napa3HTHpyiomeH y KopioniKH (^4) h y panymioi (B). 

npHMaa jihhhh — MOflenb CTeneHHoro ypaBHeHHH perpeccnn; aji a KOpioimcH D = 2.3 M 1 ' 1 . R“ = 0.99, ajih 

panyniKH D = 1.97 M 1 ' 6 , R 2 = 0.89. 

Fig. 1. Relation Lg variance to Lg average density of Proteocephalus longicollis from smelt (A) 

and vendace ( B ). 

K03<j)<j)HUHeHTe aeTepMHHauHH R 2 = 0.999, a ;uia BbiOopKH uecToa H3 panym- 
kh — D = 1.972M 1636 npH R 2 = 0.888. 

Bo3pacTHaa CTpyKTypa rejibMHHTa b panymice b TeneHne Bcero nepHO,na Ha- 
Ojno^eHHH npe^cTaBjieHa ocoOhmh Ha pa3HLix cTa^nax pa3BHTna. HucneH- 
HocTb nnepouepKOH^OB yBejiHHHBanacb b TeneHHe occhhhx h 3hmhhx Meca- 
ueB, 6bma MaKCHMajibHoii b Mae h cHH^canacb b hiohc. HajiHHne nojioB03pejibix 
oco6en CBH^eTejibCTByeT o bo3mo>khocth nojiHUHKJiHHHoro pa3BHTHa renb- 
MHHTa b ycaoBHax Ohokckoto 03epa (pnc. 2). B KopiomKe b oceHHHe Mecaiibi 
BCTpenajiHCb TOJibKo HenoJiOB03penbie oco6h (njieponepKOH,nbi, hcmbho no- 
naBinne b pbi6y, h MOJio/ibie reubMHHTbi). B Hanajie niOHa npHcyTCTBOBajin u,e- 
CTO^bi Ha 3 CTa^Hax pa3BHTHa: ruiepouepKOHjibi, Mono^we HenojiOB03pejibie h 
nojiOB03pejibie oco6h. n.aepouepi<oH^bi h MOJiojibie HenojioB03pejibie oco6h 
npeo6jia.na.riH, noJiOB03pejibie oco6h Obijih MajioHHCJieHHbi h cocTaBJiajiH 14 % 
ot o6iu,eH HHCJieHHOCTH. Hepe3 2 HenejiH (b KOHiie HiOHa) b Bbi6opice BCTpena- 
jiHCb Bee CTa^HH pa3BHTHa rejibMHHTa. nojiOB03pejibie oco6h cocTaBJiajiH 
ocHOBy HHCJieHHOCTH. 3pejibie oco6h c ailiiaMH Obijih ennHHHHbi. nraepoHepico- 
Hjibi h HenojiOB03pejibie oco6h MajioHHCJieHHbi (pnc. 3). 

flajiee h3mh 6buio npoBeneHo conocTaBjieHHe Bbi6opoK H3 panymKH h 
KopioiiiKH, coOpaHHbix oflHOBpeMeHHO 10.06.2013 r. PamKHpoBaHHe nacTOT 
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Phc. 2. Ce 30 HHaa ^HHaMHKa B 03 pacTH 0 H CTpyioypbi Proteocephalus longicollis b panymice. 
Fig. 2. Seasonal dynamics of age structure of Proteocephalus longicollis in vendace. 


BCTpenaeMOCTH oco6efi b BapnaunoHHtix paaax noKa3ajio, hto bbi6opkh renb- 
MHHTa H3 pasHLix bh^ob xo3aeB pa3JiHHajincb xapaKTepoM nacTOTHoro pacnpe- 
aeneHHa h MoaanbHbiMH KJiaccaMH. B BtiSopKe H3 panyuiKH /lOMHHHpoBan 
o^hh nacTOTHbiH KJiacc c HHTeHCHBHOCTbio 1—4 oco6h rejibMHHTa (70 % HHC- 
jieHHocTH). Bee apyrae nacTOTHtie KJiaccti 6bijih MajiOHHCJieHHbi. Pacnpe^ejie- 
HHe reJIbMHHTOB B BtlOopKe H3 KOpiOUIKH 6bIJIO 60 Jiee BLipOBHeHHLIM H paCTH- 
HyTBIM (pHC. 4). 

Bbi6opKH rejibMHHTa H3 pa 3 Hbix bh^ob xo3aeB pa3JiHHanHCb Taioice cootho- 
iueHHeM npepenpoayKTHBHOH h penpoayKTHBHOH rpynnnpoBOK. B BbiOopre H3 
KopiouiKH npeo6jiaaanH HenojiOBOspejibie oco6h. FlojiOBOspejibie rejibMHHTbi 
BCTpenanHCb 3HaHHTejiBHO pe>Ke, a hx hhackc oGhjihji 6biJi hh>kc, hcm hhackc 
o6hjih 3 HenojiOB03pejibix oco6efi. no Been bh^hmocth, .zuih nonyjiaiiHH ko- 
piouiKH OTMenaeTca BticoKaa CMepraocTb uecToa. B CHJiy sthx npHHHH ypaB- 
HeHHe perpeccHH, xapaKTepH3yiomee oTHouieHHe ancnepcHH D k cpe^Hefi 
HHCJieHHOCTH M uecTO^, b nonyjiauHH KopiouiKH HMeno HH3KHe 3HaneHHH na- 
paMeipa b (pnc. 1). flna nonynaiiHH reJIbMHHTOB H3 panyuiKH cooTHomeHHe 
B03pacTHBix rpynnnpoBOK 6biJio hhbim: noJiOBOspeJibie oco6h BCTpenaJiHCb 
name, hcm HenoJiOBOspeJibie, a hh^ckc o6hjih 3 npepenpoayKTHBHOH h penpo- 



Phc. 3. Ce 30 HHaa flHHaMHKa B 03 pacTH 0 H CTpyKTypbi Proteocephalus longicollis b Koptoimce. 
Fig. 3. Seasonal dynamics of age structure of Proteocephalus longicollis in smelt. 
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Phc. 4. ^acTOTHoe pacnpe^eneHHe hhcjichhocth Proteocephalus longicollis b pa3Hbix BH^ax xo3aeB 

(10.06.2013). 

Fig. 4. Frequency distribution of number of Proteocephalus longicollis in different hosts 

(10.06.2013). 

ayKTHBHofi rpynnnpoBOK 6biJi cxo^hbim. CieneHHaa Moaenb ypaBHeima per- 
peccHH OTHomeHHa D/M uecToa b nonyiumHH panyniKH HMena 6oJiee bmcokhc 
3HaneHHa napaMeTpa b (pnc. 1). 

Pa3MepHaa CTpyicrypa nojiOB03pejibix uecTO.ii H3 panyiiiKH h kopioiukh 
aocTOBepHo pa3JiHHajiacb (TecT KonMoropoBa—CMupHOBa DN = 0.42 npn 
p < 0.05 h ypoBHe 3H3 hhmocth 95 %). no cpeuHHM 3HaneHHHM njiHHa uecTou 
H3 panyuiKH (1.29 ± 0.16 cm) h KopioniKH (0.98 ± 0.06 cm) 6biJia cxonHa. Pa3- 
jihhhs o6Hapy)KeHbi b xapaKTepe uacTOTHoro pacnpenejieHHa miHHbi nonoBo- 
apejibix oco6efi (pnc. 5). 



5 -1 l l_1 1 I-1-111 l l 1 l 1 J_l-i_i_I_i_1 I I 1 l_1-1-1 1 

0 0.5 1.0 1.5 2.0 2.5 3.0 


Phc. 5. ^tacTOTHoe pacnpeneJieHHe pa3MepoB noJioB03peJibix uecToa Proteocephalus longicollis. 

1 — panyimca, 2 — KOpioinica. 

Fig. 5. Frequency distribution of the sizes of mature Proteocephalus longicollis. 
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OECYHgjEHHE 


HncjieHHOCTb h pa3MepH0-B03pacTHaa CTpyKTypa — ocHOBHbie xapaKTepn- 
cthkh nonyjiapHH. OyHflaMeHTajibHbiii acneKT, onpeflejunoinnH ocoOermocTH 
nonyjiapHOHHbix OTHomeHHH napa3HT— xo3hhh, cBimH c pacnpeaeneHneM na- 
pa3HTOB b nonyaauHH xo33HHa. B 6ojibuiHHCTBe pa6oT ana xapaKTepncTHKH 
arpernpoBaHHOCTH ncnojib3yeTca o^hh h 3 napaMerpoB HBP — k, Maabie 3Ha- 
hchha KOToporo yKa3bmaiOT Ha BbicoKyio arpernpoBaHHOCTb hhcjichhocth na- 
pa3HTOB. HeoflHopo^HOCTb oco6eft xo3aeB no BocnpnHMHHBOCTH k 3apa>KeHHK) 
CHHTaeTca maBHbiM (jjaicropoM (JtopMnpoBaHna arpernpoBaHHOCTH, npnneM 
CBOHCTBa caMHX napa3HTOB nacTHHHO OTBenaioT 3 a H3MeHHHBOCTb ypoBHen ar- 
pernpoBaHHOCTH, HaGaio^aeMbix y pa 3 Hbix bh^ob. IIoKa3aHO (Gourbiere et al., 
2015), hto napaMeTp k HBP mokct cnyarnTb b KanecTBe npocToro HH^eKca ar- 
pernpoBaHHOCTH: npn k, CTpeMameMca k Hyaio, arpernpoBaHHOCTb yBejinnn- 
eaeTca, ho npn 3HaneHHHx 6ojiee 8 pacnpe^ejieHHe CTaHOBHTca cjiynaftHbiM 
(nyaccoHa). Hcnojib30BaHne k b KanecTBe Mepbi arpernpoBaHHOCTH CHHTaeTca 
BaacHeHuiHM noKa3aTeJieM ouchkh OTHomeHHH b napa3HTO-xo3flHHHbix CHCTe- 
Max (Anderson, Gordon, 1982; Adler, Krezschmar, 1992; Shaw, Dobson, 1995; 
Shaw et al., 1998). 

/Ipyron noKa3aTenb — 3to 3Ha i icHwi, nojiynaeMbie b pe3yjibTaTe acneHiia 
^HcnepcHH Ha cpe^Hroio hhcjichhoctb napa3HTOB (D/M). Hccae^oBaHiiaMii no- 
Ka3aHO, hto (|)aKropi»i, KOTopbie (|)op\iiipy ioi arpernpoBamioe pacnpe;ie.ieime 
napa3HTOB b nonyjiHU,HH xoshcb, mohcho othccth k ,iByM THnaM: a) ycJiOBHfl, 
npn KOTopbix npoHcxo^HT pacceaeHHe napa3HTOB b ik>i iyji hhiiii xobhcb. o6mee 
KOJinnecTBO Bcrpci napa3HTa h xoiHima; 6) kojihhcctbo iipii>KiiBimixc>i napa- 
3htob, onpe^ejwromee ycneniHOCTb 3apaaceHH» xo3»HHa (Shaw, Dobson, 1995; 
Morand, Krasnov, 2008; Gaba, Gourbiere, 2008; Gourbiere et al., 2015). /)efi- 
CTBHe h B iaiiMo.aeiic i Biie 3thx (jjaKTopoB, KOTopbie, comacHO KoM6y (Combes, 
2005), ()iipe;ieJiMiorcH kbk Bcrpcin (napa3HTbi) h ycnex (xobmiiii). (|)opMiipyioi 
arpernpoBamioe pacnpcyicjiemie napa3HTOB b iioiivjimi rnn xosMima. Ilpii 3tom 
O^HH HCCJIC^OBaTCJIH CHHTaiOT, HTO arpeTHpOBaHHOCTb napa3HTOB MOvKCT B03- 
HHKaTb b CHJiy pa3JiHHHH b a«3C h npoflOJiacHTejibHoc™ 3apaaceHHa xoaaeB 
napa3HTaMH (Keymer, Anderson, 1979; Janovy, Kutish, 1988; Leung, 1998; 
Hansen et al., 2004). /(pyrne cB»3biBaioT B03HHKHOBeHHe arpernpoBaHHOCTH 
napa3HTOB raaBHbiM o6pa30M c reTeporeHHOCTbto ycTOHHHBOCTH xo3aeB k 3a- 
paareHHio (Poulin et al., 1991; Lysne, Skorping, 2002; Galvani, 2003). CymecT- 
ByiOT 3KcnepHMeHTajibHbie .gaHHbie, noKa3biBaiomHe 6oaee 3HanHMyio ponb b 
())OpMHpOBaHHH arpernpoBaHHOCTH pa3JIHHHH B ^03e H npO,ZIOJI>KHTe.ribHOCTH 
3apa>KeHHa xo3aeB napa3HTaMH (hhcjio BCTpen napa3HTa h xo3HHHa) no cpaBHe- 
hhk) c cjiaKTopaMH (ycnex BbDKHBaHHa), onpefleJiaiomriMH reTeporeHHOCTb 
BocnpHHMHHBOCTH xo 3 aeB k 3 apa>KeHHK) (Karvonen et al., 2004; Bandilla et al., 
2005). C .zipyroH CTopoHbi, hmootcji CBe^eHHa o tom, hto BbicoKaa arperapo- 
BaHHOCTb napa3HTOB pbi6 oTMenaeTca ana bh^ob, 3apaaceHHe kotopmmh CBma- 
ho c nHTaHneM, no cpaBHeHHio c tcmh, KOTopbie 3apaaraiOT xo3«HHa npyrHM 
nyTeM (Lester, 2012). 

fljia H3yHeHna nonynauHOHHoir Onoiiornn uecToabi P. longicollis b pnnym- 
Ke n KopioniKe hbmh npHBJieHeHbi o6a CTaracTHHecKHX noica3aTena arpernpo- 
BaHHOCTH: k h D/M. nonyHeHHbie pe 3 ynbTaTbi no 3 BOJiHJin BbiaBHTb pa 3 JiHHna b 
pacnpe^ejieHHH hhcjichhocth pecroabi b nonyjiannn xoraeB, pa3MepH0-B03pa- 
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CTHOH CTpyKType H COOTHOUieHHH npepeHpoayKTHRHOH H penpO/jyKTHBHOH 
CTa^HH b rocTajibHbix rpynnHpoBKax napa3HTa. /(HHaMHKa B03pacTH0H CTpyx- 
TV'pbi yKa3MBaeT Ha 6 ojiee BbicoKvio BbDKHBaeMOCTb Hcpiscfi b panyuiKe, new b 
KO piOLHKe. 

CneuH(|)HKa rocTaubHbix rpynnnpoBOK P. longicollis b 3HaHHTejibHOH CTe- 
neHH onpeAejiaeTca 3KOJiornMecKHMn oco6eHHOCTaMH xo3aeB, o6HTaiomHX b 
ycnoBHflx KpynHoro onHroTpO(|)Horo BOAoeMa, k3khm aBjiaeTca Ohokckoc 03e- 
po. Ilo ocHOBHbiM 30H3M o6HTaHHa pbi6bi b Ohokckom o3epe noApa3AeJiaioTca 
Ha 5 3KOJiorHHecKHx KOMnjieKCOB (ryjiaeBa, noicpoBCKHH, 1984): l)BepxHeft 
nejxaraajiH; 2) HH>KHeH nejiaraanH; 3) 6eHTanH 6ojibuiHX rxiy6HH; 4) npHAOH- 
hmx pafioHOB ochobhhx njiecoB h 6oJibuiHX 3anHBOB; 5) MejiKOBo^Hbix, 6onee 
HJIH MeHee H30JIHp0BaHHbIX H 3BTpO(|)HpOBaHHbIX 3ajIHBOB H ry6. 3 th 3KOJIO- 
THnecKHe KOMnjieKCbi pa 3 JiHHaK>Tca bhaobmm cocTaBOM pbi6. K BepxHen nejia- 
rHanH othochtcb BepxHHH cjioh TOJiLUH Bo^bi b oTKpbiTbix ynacTKax 03epa 
MomHocTbK) 10—15 m. noBepxHocTHbie cjioh 3toh 3ohm HaH6ojiee SoraTbi 
njiaHKTOHOM. no aaHHbiM Yp6aH (1968), kopmoboh ajih pbi6 300njiaHKT0H 
KOHHempHpyeTCH npeHMymecTBeHHO b cjioe 0—5 h 0—10 m h oco6chho 6o- 
jibuiOM KOJiHHecTBe b cjioe 0—2 m, me HaxoAHTca okojio 50 % oSmed hhcjich- 

HOCTH paHKOB Ha 1 M 2 AHa. npH 3TOM B BepXHHX CJIOBX BOAbI KOHUCHTpiipV IOT- 
ca ueHHbie KopMOBbie paHKH — BeTBHCToycbie. /(jib KOMnjieKca BepxHeii nejia- 
nia.m xapaKTepHo uinpoKoe pacnpocTpaHeHHe ociiomioro njiaHKTO(J)ara 
OHC/KCKoro o3epa — panyuiKH, KOTOpaa cocraBjiaeT ocHOBy pbi6Horo npoMbic- 
jia b 3tom BOAoeMe. B 30He licpxncii nejiarHajin iuixoabicm ocHOBHbie MecTa 
Haryjia h B3pocJioii panyuiKH h ee mojioah, HanHHaa c jihhhhok. B ini/KHcii ne- 
jiarnaJiH, rAe coxpaiiaerca 6ojiee HH3Kaa TeMnepaTypa, mupoi<o pacnpocTpaHe- 
Ha KopioniKa. OHa b rcucimc Bcero jieTHero nepnoAa npHAepacHBaeTca cpaBHH- 
TejibHo xojioahmx cjioeB, me h npoHcxoAHT ee Haryji. 

Panymica h KopioniKa Ohc/Kckoto o 3 epa xapaKTepH 3 yioTca aobojibho uih- 
poKHM cneKTpoM nuTauHa. Han 6 ojiee uacTbiMu (jiopMaMH b nniiie panyiiiKH bb- 
jiaioTca BeTBHCToycbie pauKii poaob Bosmina, Daphnia, Leptodora, b mime ko- 
pioLUKH o 6 biHHbi Eudiaptomus, Limnosida, Limnocalanus, Bosmina, Cyclops, 
Mysis. OTMenaeTca ce30HHaa CMeHa cocTaBa nHiiiH. Tax, panyuiKa b jieraee 
BpeMa nHTaeTca Cladocera, Copepoda, Chironomidae, a oceHbio Copepoda h 
Cladocera. KopiouiKa jictom noTpe 6 JifleT b ochobhom Cladocera, Copepoda, 
Mysidae. npH cpaBHeHHH bhaoboid cocTaBa 30onjiaHKTOHa c cocTaBOM nnuiH 
pbi 6 0Ka3biBaeTca, hto xapaicrep nHTaHHa noAHocTbio oTpaacaeT ypoBeHb pa3- 
bhthb 3oonjiaHKTOHa. OTMeneHHaa CTeneHb cxoACTBa b cocTaBe nmim panyrn- 
KH H KOpiOUIKH B JieTHe-OCeHHHe Mecaubl CBHAeTeJIbCTByeT 06 OTCyTCTBHH 
CHJibHoii nHmeBOH KOHKypeHHHH Mea<Ay sthmh BHAaMH, TeM 6 ojiee hto b ne- 
pHOA HaryAa 30Hbi hx o 6 HTaHHa coBnaAaiOT jiHuib nacranHO, nocKOAbKy ko- 
prouiKa npHAep>KHBaeTca 6 oJiee ray 6 oKHX cjioeB, neM panyimca (MajibiieBa, 
1983; HHKOAaeB, 1983). 

CyuiecTBOBaHHe nonyjmiHH KopiouiKH h panyuiKH b oahom BOAoeMe npn 
3HaHHTeAbHOM CXOACTBe HX 3KOJIOTHH (06a BHAa nAaHKTO(J)arH C KOpOTKHM 
>KH3HeHHbIM HHKJIOM H paHHeft n0JI0B03pejI0CTbK), Tpe60BaTeJIbHbI K nOBbl- 
uieHHOMy coAepacaHHK) KHCJiopOAa b boac h ap ) HeH36e>KH0 aojijkho Bbi3bi- 
BaTb KOHKypeHTHbie OTHOiueHHa Me>KAy hhmh 3a numy. Oah8ko HMeiomHeca 
pa3AHHHB B 3KOAOTHH 060HX BHAOB n03BOAaiOT HM HCn0Ab30BaTb B nHmy pa3- 
Hbie 3KOJiorHHecKHe KOMnAeKCbi naaHKTOHa. KoHKypeHuua 3 a nnuiy Me>KAy 
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nonyjiHUHHMH panyimcn h KopiouiKH b 3HaHHTeJibHon cTeneHH TaK>icc cma>KH- 
BaeTca 3a cneT pa3HO())a3HOH HanpaBJieHHOCTH K0Jie6aHHH hx hhcjichhocth, ko- 
TOpaa 33BHCHT OT BHeiUHHX (rHJjpOJIOrHHeCKHX H ap.) yCJlOBHH, C03^aiOmHX 
SaaronpuaTHbie ycjiOBna jyia pa3BHTna o^Horo H3 3KOJiorHHecKHX KOMnaeKCOB 
300iuiaHKT0Ha. THn cocymecTBOBaHna nonyjiaijHH panyimcH h KopiouiKH b 
Ohokckom 03epe h apyrnx 6onbuiHx 03epax CeBepo-3ana,aa npe^CTaBnaeT co- 
6 oh CHCTeMy c6anaHCHpoBaHHoro KOHKypeHTHoro cocymecTBOBaHna bh^ob c 
nacTHHHbiM nepeicpbiBaHHeM 3KOJiorHHecKHX hhiu h pacnpeaeJieHHeM nnme- 
bmx pecypcoB Meacay hhmh b cootbctctbhh c ochobhoh 3KOJiorHHecKOH 
CTpyKTypoft coo6mecTBa 300iuiaHKT0Ha (HnKOJiaeB, 1983). 

flapa3HTapHaa CHCTeMa Proteocephalus longicollis b Ohokckom 03epe c|)op- 
MHpyeTca nonyjiaunaMH npoMexcyTOHHbix xo3aeB h flByx bh^ob oKOHnaTejib- 
hmx X03HCB — panyuiKOH h KopK)iiiKOH. Kax noKa3aHO (Anderson, Gordon, 
1982; FlaBJiOB, Heirnco, 1986; Hernico, IlaBJiOB, 2011), b ycjiOBHax, Kopzja X03«- 
hh HMeeT BbicoKyK) ycTOHHHBOCTb k 3apa>KeHnio napa3HTaMH, pacnpe^ejieHHe 
hhcjichhocth 6y,aeT MO^eanpoBaTbca HE 33kohom. B 3thx ycjiOBnax rpacjiHK 
OTHOineHna log D k log M SyzreT aocTOBepHO MO^eanpoBaTbca ypaBHeHneM 
CTeneHHOH perpeccnn, me noKa3aTejib CTeneHH b, onpeaejiaiomHH yroji Ha- 
KJioHa npaMoil, HMeeT 3HaneHHa 6 jih3khc k 2 (Anderson, Gordon, 1982). IIpH 
BbicoKOH CMepTHOCTH napa3HT0B yroa HaKJiOHa ypaBHeHHa perpeccnn npndjin- 
xcaeTca k e^HHHue, icaic noKa3aHO juia cydnonyjiannoHHon rpynnHpoBKn napa- 
3HTa, o6nTaK)men b Kopioimce (pnc. 1, b = 1.1), a npn hh3khx noKa3aTejiax 
CMepTHOCTH n BbicoKOH BbmHBaeMOCTH uecTOji, yroa HaKJiOHa 6ojibme; Tax, 
juia nonyjiaunn panyuiKH oh cocTaBHJi b = 1.6 (pnc. 1). YcTaHOBJieHHbie pa3- 
jiHHna b noKa3aTejiax hhcjichhocth cBnueTejibCTByioT o 6ojiee HanpaxceHHbix 
OTHOineHHax Mexmy P. longicollis h KopiouiKon, neM Mexc^y P. longicollis h 
panyuiKOH. 

B uejiOM nojiyneHHbie h3mh pe3yjibTaTbi noKa3bmaiOT, hto CTaTHCTHnecKne 
noKa3aTejin arpernpoBaHHocTH (k h D/M) aBjiaiOTca BaxcHbiMH napaMeTpaMH, 
xapaKTepn3yiomHMH nonyjiaunoHHbie acneKTbi napa3HTo-xo33HHHbix OTHOine- 
hhh, npocTpaHCTBeHHyK) opraHH3auHK) napa3HTapHOH chctcmm, ^HHaMHKy h 
xapaKTep pacnpezieueHna hhcjichhocth napa3HTOB. 
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NUMBER DISTRIBUTION AND POPULATION STRUCTURE 
OF PROTEOCEPHALUS LONG1COLLIS (ZEDER, 1800) (CESTODA: 

PROTEOCEPHALIDEA), A PARASITE OF SMELT AND COREGONIDS 

L. V. Anikieva, E. P. Ieshko, N. V. Ilmast 

Key words : Fish, smelt Osmerus eperlanus , vendace Coregonus albula , parasite Proteo¬ 
cephalus longicollis , population ecology 

SUMMARY 

The spatial structure and seasonal aspects in the number distribution of the cestode 
Proteocephalus longicollis population, maintained by trophic connections of specialized 
plankton-feeders (the vendace Coregonus albula L. and the smelt Osmerus eperlanus L.) 
in the Lake Onego were studied. Differences in the distribution of number of cestode po¬ 
pulation in host population, size-age structure, and pre-reproductive/reproductive stages 
ratio of the studied parasites were revealed. It was demonstrated that the spatial structure 
of P. longicollis was shaped by the specific characteristics of vendace and smelt populati¬ 
ons in the Lake Onego. These species possess partially overlapping ecological niches and 
differences in the use of food resources, significantly determining the infection dynamics 
of the examined fish species. 
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